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TALK STRUCTURE

Window Retrofits for…

 Section 1: Efficiency [Steve Sylvestre]

 Section 2: Affordability [Sidney Hartz]

 Section 3: Disaster Resistance [Christian Kaltreider]

3



April 7-10, 2025 | New Orleans, LA

LEARNING OBJECTIVES
At the conclusion of this session, participants  will:

1) Understand the principles of value engineering of 
better windows for overall building performance

2) Learn how various window retrofits can enhance 
energy affordability in single-family and multifamily 
buildings. 

3) Learn how window attachments can mitigate risk 
during extreme heat, extreme cold, high winds, and 
wildfires
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EFFICIENCY: WHY 
WINDOWS MATTER
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WINDOWS ARE THE WORST 
PERFORMING PART OF THE HOMES 
YOU WORK ON AND LIVE IN
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AND WINDOWS INSTALLED 
TODAY WILL BE HERE IN 2060...
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• 10’s of million windows of 
new windows are 
installed every year

• Windows and window 
attachments have a 
multi-decade service life 
in practice
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BUT THERE IS HOPE!
Seemingly small improvements to the insulating power of 
windows have a notably outsized impact on building 
performance.

Window attachments and triple pane windows are:

The Building Stock Upgrade Easy Button!
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PRACTICALITY, MINIMALLY 
DISRUPTIVE RETROFITTING

When the time comes to replace your windows, new 
triple-pane products are available at a modest cost to 
upgrade from Business As Usual (+$50-100 added cost).

But for windows with life left in them 

– most windows –

window attachments provide a practical and minimally 
disruptive way to extend window life and performance
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BENEFITS IN ALL CLIMATE ZONES

• Heating-dominated 
climates – outsized 
insulative benefits

• Cooling-
dominated climates – solar 
control

• Mixed climates – year-
round benefit

• In all cases, HVAC benefit 
& cost savings... Fuel 
agnostic!!
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COMFORT IMPROVEMENTS
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SOUND REDUCTION
• Adding storm windows, or triple-pane replacements 

cuts outdoor sound in half (8-10 dB)

12



April 7-10, 2025 | New Orleans, LA

CONDENSATION, MOLD, MILDEW

13

•Photos on same day, same 
house in TX: 28°F outdoors, 72°F & 

37% RH indoors

•Condensation possible on NEW 

double-pane windows

•Code-compliant windows can 

get below dew point (even with 

dehumidifier!)
Double-pane Triple-pane
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GRID RELIABILITY
Windows are an effective tool to impact peak power demand, 
resulting in higher grid reliability

Triple-pane windows would reduce nationwide peak winter power 
demands by 40-50 GW (~10%) compared to current building stock
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ENERGY STAR HOMES V3.2 
THERMAL BACKSTOP: CZ2
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•In Climate Zone 2, for a slab-on-grade home:
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ENERGY STAR HOMES V3.2 
THERMAL BACKSTOP: CZ5

16

•In Climate Zone 5, for a conditioned basement home:
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WINDOW EFFECT ON HVAC 
PERFORMANCE

• Potential positive service life impact for existing HVAC via reduced 
working load

• Long in-practice service life of window and window 
attachment locks in lower heating and cooling needs – often for 
decades

• When replacing HVAC, notably lower energy burden - LBNL Study 
showed 1-2 ton heat pump load reduction (triple-pane, or appx. 
2-pane with a storm)
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ULTIMATELY, BETTER WINDOWS
-

WINDOW ATTACHMENTS AND
TRIPLE-PANE REPLACEMENTS

-
REDUCE HOW MUCH ENERGY IT TAKES 

TO HEAT AND COOL YOUR HOUSE
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FIELD STUDY: STORM WINDOW AIR 
SEALING BENEFITS

2024 Minneapolis Storm Window Replacement Field Study (2 single family 
and 3 multi-family buildings)

•10-20% air leakage reduction

•5-15% gas and electric savings

•6-13% peak gas and electric savings
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STORM WINDOW AIR SEALING 
BENEFITS

Building 
Characteristics

Interior/Exterior Storm 
Windows

CFM50 Improvement 
per Glazed Sq. Ft

Whole-Building 
CFM50 Improvement

• Single Family
• 3800 sq. ft floor 

area
• 341 sq. ft glazed 

area

Interior acrylic 2.8 CFM50 18.6%

• Single family
• 3200 sq. ft floor 

area
• 268 sq. ft glazed 

area

Exterior 1.2 CFM50 9.8%
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STORM WINDOW AIR SEALING 
BENEFITS

Building 
Characteristics

Storm window type CFM50 Improvement 
per Glazed Sq. Ft

Whole-Building 
CFM50 Improvement

• Multifamily 4-plex
• 4300 sq. ft floor 

area
• 602 sq. ft glazed 

area

Exterior low-e 2.5 CFM50 18.9%

• Multifamily duplex
• 1900 sq. ft floor 

area
• 259 sq. ft glazed 

area

Exterior low-e 2.8 CFM50 16.2%
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STORM WINDOW AIR SEALING 
BENEFITS
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STORM WINDOW AIR SEALING 
BENEFITS
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STORM WINDOW AIR SEALING 
BENEFITS
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SIMPLE AND COST-EFFECTIVE
• Prices ranged from $200-400 per storm 

window with approximately $75 / window install costs 
($0 if homeowner-installed)

• Importantly, installation required no special training!

• Simple tools (drill and caulk gun)

• GC with no prior storm window experience 
resulted in 10-20% whole-building air leakage 
reduction
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WINDOW RETROFITS: 
AFFORDABILITY AND 
PERFORMANCE
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PNNL-SA-209943
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WINDOW RETROFIT OPTIONS
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Triple pane windows

Low-e storm windows

Cellular shades

Exterior shades

Technology Application Range of Savings

Triple pane 
windows

New and existing 
homes

7-16% (total energy 
savings)1

Low-e storm 
windows and 
insulating panels

Existing homes 10-30% (annual 
HVAC savings)2

Cellular shades 
and automation

New and existing 
homes

5-25% (heating and 
cooling HVAC 
savings)3

Exterior 
shades/solar 
screens

New and existing 
homes in warm 
climates

10-20% (cooling 
HVAC savings)4

1. Hart et al. 2019; Hart et al. 2021
2. Culp and Cort 2015; Knox and Widder 2014, Petersen et al. 2015
3. Metzger et al. 2017, Cort et al. 2018; Kunwar et al. 2022
4. Hunt and Cort 2020
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Source: Cort et al. 2022 Residential Façade Upgrades: Market Assessment and Recommendations

WHEN TO REPLACE 
VS UPGRADE?
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CHOOSING A 
SHADING SOLUTION

29

Source: Cort et al. 2022 Residential Façade Upgrades: Market Assessment and Recommendations
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BUILDING AMERICA SOLUTION 
CENTER (BASC) 

• The BASC provides 
guidance, best 
practices, case studies, 
and additional 
resources for all things 
building science. 

• Visit the BASC for more 
information on window 
replacements and 
window attachments

basc.pnnl.gov

30

Coming 
soon!
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FIELD STUDIES-EXTERIOR SHADES 
2019-2020 Field Study at PNNL Lab Homes (Richland, WA)

• Identical baseline and test home

• Exterior shades installed on 3 west- and south-facing 
windows

31

Source: Hunt and Cort 2020 Evaluation of Exterior Shades at PNNL Lab Homes and Occupied Field Sites
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FIELD STUDIES-EXTERIOR SHADES 
• Exterior shades resulted 

in 20% cooling savings 
including internal 
cooling loads

• Home with exterior 
shades 9 ° cooler than 
baseline home with just 
vinyl blinds during no-
cooling test on sunny, 
75 °F day 

32

Source: Hunt and Cort 2020 Evaluation of Exterior Shades at PNNL Lab Homes and Occupied Field Sites
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FIELD STUDIES-CELLULAR SHADES
2017-2018 PNNL Lab Homes Field Study (Richland, WA)

• Identical baseline & test home

• Cellular shades with automated and dynamic 
operation installed in test home

• Baseline home only had horizontal vinyl blinds & 
“typical” operation schedule

• 2-10% HVAC savings during heating season, 5-25% 
during cooling season

33

Source: Cort et al. 2018 Testing the Performance and Dynamic Control of the Energy-Efficient Cellular Shades in the PNNL Lab Homes
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FIELD STUDIES-CELLULAR SHADES
2022 ORNL Field Study

• Cellular shades 
installed in single-
family 2-story home 
in the Southeast (CZ 
4A)

• Testing was done 
across 2019 and 
2020 winter seasons

34

Source: Kunwar, Bhandari, and Curcija 2022 National Energy Savings Potential of Cellular Shades: a Measurement and Simulation Study

Effective Glazing 
System U-Factor

Effective Glazing 
System SHGC

% Energy Savings 
(compared to Venetian 

Blinds)

Baseline Window 
(No Shades)

1.67 0.296 -6.6%

Cell-in-Cell 
Cellular

1.05 0.134 22.2%

Cell-in-Cell 
Cellular (Low-E) 0.93 0.103 20.1%

Single Cell (Light 
Filtering)

1.20 0.154 14.2%

Single Cell (Room-
Darkening, Low-E) 0.94 0.110 15.3%

Single Cell 1.09 0.094 15.8%

Venetian Blinds 1.41 0.193 N/A
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FIELD STUDIES-TRIPLE PANE 
WINDOWS

PNNL Lab Homes 
Field Study (Richland, 
WA)

• Identical baseline 
& test home

• Baseline home: 
double pane clear 
windows

• Test home: thin 
triple pane 
windows

35

Source: Hunt, Rosenberg and Cort 2021 Evaluation of Thin Triple-Pane Windows in the PNNL Lab Homes
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FIELD STUDIES-TRIPLE PANE 
WINDOWS

• Field Study in Helena, MT

• Triple-pane retrofit significantly reduced condensation 
and ice formation on window during winter

36

Before retrofit (double-pane) After retrofit (triple-pane)

Source: Gunderson, Louie and Cort 2024 Laboratory and Field Validation of the Performance Benefits and Costs of Thin Triple-Pane Windows in Residential Buildings
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SIMULATION ANALYSIS - MHEA
Savings-to-Investment Ratio (SIR) for low-e storm windows 
modeled in MHEA

37

Source: Valoria et al. 2024 Modeling Cost Effective Applications of Window Attachments for Weatherization Programs
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SIMULATION ANALYSIS - MHEA

38

Heating utility bill savings for low-e storm windows 
modeled in MHEA

Source: Valoria et al. 2024 Modeling Cost Effective Applications of Window Attachments for Weatherization Programs
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MULTIFAMILY SCALABILITY
Large opportunity for improving windows in MF buildings. 

39

40%
54% 56% 60% 67%

83%
94% 97%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Have most of the windows been replaced?

No Yes

• Approximately 80% of MF 
units were constructed 
before 2000

• Of those that still have 
original windows, most 
windows are single or double 
pane clear glass

• 40% of MF units have single 
pane windows

“Yes” indicates that at least 50% of the survey respondent’s 
building windows have been replaced.

Source: Energy Information Administration 2020. Residential Energy Consumption Survey
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MULTIFAMILY SCALABILITY
• Window retrofit costs vary with 

customization, installation, and 
transport costs. 

• Many identical or similar 
windows: potential to reduce 
per-unit costs with bulk 
manufacturing and transport. 

• Opportunity to reduce per-
installation labor cost with high 
installation volume. 

40

Source: Cort et al. 2024 Scalable Window Retrofit Solutions for Multi-Family Buildings in the United States
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HVAC DOWNSIZING & COST 
SAVINGS

EnergyPlus modeling study

• Baseline windows CZ 1-4: 
single-pane clear, 
aluminum frame

• Baseline windows all other 
CZ: double-pane clear, 
wood frame

Upgrading to ENERGY STAR 
v7 windows from baseline 
was estimated to reduce 
heat pump sizing by 1.5 tons

41

Source: Yu et al. 2024 Opening the Window to Space Heating Decarbonization for Communities
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HVAC DOWNSIZING & COST 
SAVINGS

EnergyPlus modeling study

• ANY window upgrades 
over baseline resulted in 
heat pump downsizing 
of 1-2 tons*

• Window upgrades 
make HVAC upgrades 
more affordable

42

Source: Yu et al. 2024 Opening the Window to Space Heating Decarbonization for Communities

*Varies based on climate zone and window upgrade type

Code 
minimum 
upgrade

ENERGY 
STAR v7 
upgrade

Low-E 
storm 
upgrade

Annual 
Utility 
Cost 
Savings*

$75-
$340

$150-
$550

$135-
$620

Annual 
Energy 
Savings* 
(kWh)

720-
3,120

1,380-
5,020

1,220-
5,590
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UTILITY INCENTIVES-PRIMARY 
WINDOW REPLACEMENTS 

43
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UTILITY INCENTIVES – WINDOW 
ATTACHMENTS 

44

Storm Windows
WA: Benton REA, Avista, Chelan PUD

RI: Rhode Island Energy

Exterior Shades

AZ: Salt River Project, Arizona Electrical District No. 3

TX: United Cooperative Services, Austin Energy, Brownsville Public 
Utilities Board, El Paso Electric, Bryan Texas Utilities, Denton Municipal 
Electric, Garland Power and Light, San Marcos Utilities

FL: Orlando Utilities Commission, Beaches Energy, Clay Electric Co-op, 
Florida Keys Electric Co-op, 

NM: El Paso Electric

CA: Imperial Irrigation District, Modesto Irrigation District, Riverside 
Public Utilities, Turlock Irrigation District, City of Lodi Electric Utility, 
City of Gridley

Cellular Shades CO: Xcel
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EXTREME TEMPERATURES AND 
AFFORDABILITY

In 2020:

• About 27% of American 
households struggle to pay 
energy bills 

• About10% of American 
households reported 
keeping their homes at an 
unhealthy or unsafe 
temperature

• About 20% of American 
households reported being 
unable to pay for both 
energy bill AND necessities 
such as food or medicine

45

Source: Energy Information Administration 2020 Residential Energy Consumption Survey
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EXTREME TEMPERATURES AND 
AFFORDABILITY

• Extreme heat and cold 
events can exacerbate 
already existing energy 
affordability struggles

• Affordable window retrofits 
can both increase resilience 
and energy affordability 
during extreme weather 
events

46

Source: Yu and Kittner 2024 Hot or Cold Temperature Disproportionately Impacts U.S. Energy Burdens
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WINDOW ATTACHMENTS FOR 
DISASTER RESISTANCE

47
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DISASTER RESISTANCE

48

https://news.arizona.edu/news/keeping-homes-and-cities-cool-
extreme-heat)

https://www.ready.gov/

www.pnnl.gov/sites/default/files/media/file/
NSD_1557_FLYER_RADR-1.pdf Image by Forest Service, USDA | Flickr.com

https://www.flickr.com/photos/usforestservice/45923164272/in/photolist-2cY5dNm-29PoWm2-YsnKVx-2g2aBfV-Cn8f4m-2jCG2nH-2easzXu-2kdPjzg-2jDXVg5-2jG2FcV-2jF7js3-vrmdcM-2jF96xT-Z1F3EW-2jDCNnF-3CqfJ-3CqeD-zJHufb-3CqgR-2jF7cjh-yoGY61-y81TCS-6PWrRi-2jHG1wd-YWUfLC-2jDGihb-2jQ13FN-YjHMSh-ZmzqH7-2jJeogA-2cRUL3v-kyFmeu-2jya8dH-2jFwWWP-oY5g6v-Z1F3dU-W88YLh-ZmzqG5-x13zRS-HcyNzH-2jCG2oV-2buJBR8-xepcsh-ZjpuSm-2hpWWSD-6U3qex-6TppZP-MRGKuj-2jN1dL5-6TppGZ
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DISASTER RESISTANCE

49

• Windows are vulnerable!

• Extreme heat
• Major source of heat gain

• Extreme cold
• Major source of heat loss

• High winds
• Most fragile part of home

• Wildfires
• Entry point for fire

https://windows.lbl.gov/high-performance-windows

www.fema.gov/sites/default/files/2020-
08/fia22_complete.pdf

https://ucanr.edu/

FEMA P-762
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DISASTER RESISTANCE

50

•How can we 
protect our 
windows??

https://windows.lbl.gov/high-performance-windows

www.fema.gov/sites/default/files/2020-
08/fia22_complete.pdf

https://ucanr.edu/

FEMA P-762
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DISASTER RESISTANCE

51

•How can we 
protect our 
windows??

https://windows.lbl.gov/high-performance-windows

www.fema.gov/sites/default/files/2020-
08/fia22_complete.pdf

https://ucanr.edu/

FEMA P-762

WINDOW 
ATTACHMENTS
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EXTREME HEAT
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Source: University of Arizona (https://news.arizona.edu/news/keeping-homes-and-cities-cool-extreme-heat)
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EXTREME HEAT
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• Our homes are our best defense

Source: University of Arizona (https://news.arizona.edu/news/keeping-homes-and-cities-cool-extreme-heat)
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EXTREME HEAT
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• Our homes are our best defense

• Air-conditioning

• Air filtration

• Fans

• Refrigeration

• Water

• Shade

• Thermal regulation

Source: University of Arizona (https://news.arizona.edu/news/keeping-homes-and-cities-cool-extreme-heat)
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EXTREME HEAT
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• Our homes are our best defense

• Air-conditioning

• Air filtration

• Fans

• Refrigeration

• Water

• Shade

• Thermal regulation

• (Mass, operable windows, 
insulation, air-sealing) Source: University of Arizona (https://news.arizona.edu/news/keeping-homes-and-cities-cool-extreme-heat)
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EXTREME HEAT
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• Our homes are our best defense

• Air-conditioning

• Air filtration

• Fans

• Refrigeration

• Water

• Shade

• Thermal regulation

Source: University of Arizona (https://news.arizona.edu/news/keeping-homes-and-cities-cool-extreme-heat)
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EXTREME HEAT
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• Our homes are our best defense

• Air-conditioning

• Air filtration

• Fans

• Refrigeration

• Water

• Shade

• Thermal regulation

Source: University of Arizona (https://news.arizona.edu/news/keeping-homes-and-cities-cool-extreme-heat)
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EXTREME HEAT
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• Our homes are our best defense

• Air-conditioning

• Air filtration

• Fans

• Refrigeration

• Water

• Shade

• Thermal regulation

Source: University of Arizona (https://news.arizona.edu/news/keeping-homes-and-cities-cool-extreme-heat)
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EXTREME HEAT
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• Our homes are our best defense

• Air-conditioning

• Air filtration

• Fans

• Refrigeration

• Water

• Shade

• Thermal regulation

• Hours of Safety
Source: University of Arizona (https://news.arizona.edu/news/keeping-homes-and-cities-cool-extreme-heat)
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EXTREME HEAT
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• Our homes are our best defense

• Air-conditioning

• Air filtration

• Fans

• Refrigeration

• Water

• Shade

• Thermal regulation

• Hours of Safety
Source: University of Arizona (https://news.arizona.edu/news/keeping-homes-and-cities-cool-extreme-heat)
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EXTREME HEAT
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• Pacific Northwest Heat Wave

• ~2,800 hospitalized

• Study led by U of Oregon

• Question: How could shading 
and night ventilation have 
prevented heat-related deaths 
during the 2021 Pacific 
Northwest Heat Wave?

Reference: Rempel et al., 2022. Improving the passive 
survivability of residential buildings during extreme 
heat events in the Pacific Northwest. Applied Energy, 
321, p.119323.

Source: https://earthobservatory.nasa.gov/images/148506/exceptional-heat-hits-pacific-northwest
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EXTREME HEAT

62

Source: www.noaa.gov/jetstream/synoptic/heat-index

• Simulated apartment units

• Metric: NOAA Heat Index
• Caution

• Extreme Caution

• Danger

• Extreme Danger
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EXTREME HEAT
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Source: www.noaa.gov/jetstream/synoptic/heat-index

• Simulated apartment units

• Metric: NOAA Heat Index
• Caution

• Extreme Caution

• Danger

• Extreme Danger

• Shading types
• Roller shades

• Insulating cellular shades

• Exterior shutters
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EXTREME HEAT
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Source: Rempel et al., 2022. Improving the passive survivability of residential buildings during extreme 
heat events in the Pacific Northwest. Applied Energy, 321, p.119323.

https://www.sciencedirect.com/science/article/pii/S0306261922006729?via%3Dihub#sec2.2

• Reduction in ‘danger’ and 
‘extreme danger’ hours:

 

https://www.sciencedirect.com/science/article/pii/S0306261922006729?via%3Dihub#sec2.2
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EXTREME HEAT
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Source: Rempel et al., 2022. Improving the passive survivability of residential buildings during extreme 
heat events in the Pacific Northwest. Applied Energy, 321, p.119323.

https://www.sciencedirect.com/science/article/pii/S0306261922006729?via%3Dihub#sec2.2

• Reduction in ‘danger’ and 
‘extreme danger’ hours:

• Roller Shades: 18% 

https://www.sciencedirect.com/science/article/pii/S0306261922006729?via%3Dihub#sec2.2
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EXTREME HEAT
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Source: Rempel et al., 2022. Improving the passive survivability of residential buildings during extreme 
heat events in the Pacific Northwest. Applied Energy, 321, p.119323.

https://www.sciencedirect.com/science/article/pii/S0306261922006729?via%3Dihub#sec2.2

• Reduction in ‘danger’ and 
‘extreme danger’ hours:

• Roller Shades: 18% 

• Cellular shades: 23% 

https://www.sciencedirect.com/science/article/pii/S0306261922006729?via%3Dihub#sec2.2
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EXTREME HEAT
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Source: Rempel et al., 2022. Improving the passive survivability of residential buildings during extreme 
heat events in the Pacific Northwest. Applied Energy, 321, p.119323.

https://www.sciencedirect.com/science/article/pii/S0306261922006729?via%3Dihub#sec2.2

• Reduction in ‘danger’ and 
‘extreme danger’ hours:

• Roller Shades: 18% 

• Cellular shades: 23% 

• Exterior shutters: 55%

https://www.sciencedirect.com/science/article/pii/S0306261922006729?via%3Dihub#sec2.2
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EXTREME HEAT
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• Interior attachments
• Cellular shades

• Drapes

• Shutters

• Roller shades

• Solar screens

• Blinds

• Other shades 

• (pleated, Roman, sheer)

Source: https://efficientwindowcoverings.org/
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EXTREME HEAT

69

• Light-filtering attachments

Source: Attachments Energy Rating Council (AERC)

Source: Attachments Energy Rating Council (AERC)
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EXTREME HEAT
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• View-preserving attachments

https://www.energy.gov/energysaver/energy-efficient-
window-coverings

www.energy.gov/eere/buildings/articles/window-attachments
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EXTREME HEAT
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• Blackout shades

Source: PNNLhttps://srs.dph.illinois.gov/webapp/SRSApp/serv
let/SRS.getProductDetail?nProductID=6036
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EXTREME HEAT
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• Cellular blinds

Source: PNNL
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EXTREME HEAT
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Source: https://efficientwindowcoverings.org/

• Exterior attachments
• Louvered shutters

• Roller shades

• Roller shutters

• Solar screens

• Awnings
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Source: Florida Solar Energy Center

• Exterior attachments
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Source: https://journals.flvc.org/edis/article/view/116685

• Exterior attachments

Source: PNNL
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Source: EPA ENERGY STAR

• Window Panels (storm windows)

• Coatings for low SHGC

• Exterior

• Interior

• Fixed

• Operable

Source: EPA ENERGY STAR



April 7-10, 2025 | New Orleans, LA

EXTREME HEAT

77

Source: Attachments Energy Rating Council (AERC)

• Finding interior/exterior attachments: 
Attachments Energy Rating Council 
(AERC) (aercenergyrating.org)
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Source: EPA ENERGY STAR

• Finding storm windows: ENERGY STAR Product Finder 

(energystar.gov/productfinder/product/certified-storm-windows/results)

https://www.energystar.gov/productfinder/product/certified-storm-windows/results
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https://www.ready.gov/



April 7-10, 2025 | New Orleans, LA

EXTREME COLD

80

https://www.ready.gov/

• Construction norms ≠ 
abnormal cold
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https://www.ready.gov/

• Construction norms ≠ 
abnormal cold

• Windows are a primary 
source of heat loss
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https://www.ready.gov/

• Construction norms ≠ 
abnormal cold

• Windows are a primary 
source of heat loss

• Windows are a primary 
factor in Hours of Safety

• Window attachments can 
help!
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www.pnnl.gov/main/publications/external/technical_reports/PNNL-24857Rev1.pdf

• Attachments can reduce 
heat loss 

• …and increase Hours of 
Safety

• Can double insulating value

• Experimentally proven 
performance
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www.pnnl.gov/main/publications/external/technical_report
s/PNNL-24857Rev1.pdf

• Interior:

• Cellular shades

• Window quilts

• Drapes

• Roller shades
Source: PNNL

www.energy.gov/eere/buildings/articl
es/window-attachments

www.energy.gov/eere/buildings/articl
es/window-attachments https://efficientwindowcoverings.org/
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• Exterior

• Roller shutters

• Roller shades

https://efficientwindowcoverings.org/

www.energy.gov/eere/buildings
/articles/window-attachments

www.energy.gov/eere/buildings
/articles/window-attachments

FEMA P-499https://journals.flvc.org/edis/
article/view/116685
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Source: EPA ENERGY STAR

• Window Panels (storm windows)
• Exterior

• Interior

• Fixed

• Operable
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www.pnnl.gov/sites/default/files/media/file/
NSD_1557_FLYER_RADR-1.pdf
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• Wind-borne debris

• Windows are a primary 
vulnerability

• Window failure →→ 
• Roof failure

• Water entry

• Interior damage

• Injury

www.pnnl.gov/sites/default/files/media/file/
NSD_1557_FLYER_RADR-1.pdf
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• Window failure →→ Roof failure

www.fema.gov/sites/default/files/2020-
08/fia22_complete.pdf

FEMA P-762
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• Hurricane Shutters

Source: FEMA P-499Source: Florida Solar Energy Center

https://journals.flvc.org/edis/article/view/116685
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Image by Forest Service, USDA | Flickr.comSource: PNNL

https://www.flickr.com/photos/usforestservice/45923164272/in/photolist-2cY5dNm-29PoWm2-YsnKVx-2g2aBfV-Cn8f4m-2jCG2nH-2easzXu-2kdPjzg-2jDXVg5-2jG2FcV-2jF7js3-vrmdcM-2jF96xT-Z1F3EW-2jDCNnF-3CqfJ-3CqeD-zJHufb-3CqgR-2jF7cjh-yoGY61-y81TCS-6PWrRi-2jHG1wd-YWUfLC-2jDGihb-2jQ13FN-YjHMSh-ZmzqH7-2jJeogA-2cRUL3v-kyFmeu-2jya8dH-2jFwWWP-oY5g6v-Z1F3dU-W88YLh-ZmzqG5-x13zRS-HcyNzH-2jCG2oV-2buJBR8-xepcsh-ZjpuSm-2hpWWSD-6U3qex-6TppZP-MRGKuj-2jN1dL5-6TppGZ
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• Radiant heat

• Thermal fracture and 
shatter

• Window failure →→ 
Fire entry

Image by Forest Service, USDA | Flickr.com

https://www.flickr.com/photos/usforestservice/45923164272/in/photolist-2cY5dNm-29PoWm2-YsnKVx-2g2aBfV-Cn8f4m-2jCG2nH-2easzXu-2kdPjzg-2jDXVg5-2jG2FcV-2jF7js3-vrmdcM-2jF96xT-Z1F3EW-2jDCNnF-3CqfJ-3CqeD-zJHufb-3CqgR-2jF7cjh-yoGY61-y81TCS-6PWrRi-2jHG1wd-YWUfLC-2jDGihb-2jQ13FN-YjHMSh-ZmzqH7-2jJeogA-2cRUL3v-kyFmeu-2jya8dH-2jFwWWP-oY5g6v-Z1F3dU-W88YLh-ZmzqG5-x13zRS-HcyNzH-2jCG2oV-2buJBR8-xepcsh-ZjpuSm-2hpWWSD-6U3qex-6TppZP-MRGKuj-2jN1dL5-6TppGZ
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• Thermal fracture and shatter

https://ucanr.edu/
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Source: FEMA P-499

https://firesafemarin.org/harden-your-home/fire-resistant-windows/
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Building America Solution Center Guides

(https://basc.pnnl.gov/disaster-resistance)

• Windows Have Impact-Rated Glass, Fire-Resistant Glass, or Protective 
Coverings (https://basc.pnnl.gov/resource-guides/windows-have-
impact-rated-glass-fire-resistant-glass-or-protective-coverings)

• Window Attachments for Solar Control and Energy Efficiency 
(https://basc.pnnl.gov/resource-guides/window-attachments-solar-
control-and-energy-efficiency)

• Shading and Solar Control for Windows and Skylights 
(https://basc.pnnl.gov/resource-guides/shading-and-solar-control-
windows-and-skylights)

https://basc.pnnl.gov/resource-guides/windows-have-impact-rated-glass-fire-resistant-glass-or-protective-coverings
https://basc.pnnl.gov/resource-guides/windows-have-impact-rated-glass-fire-resistant-glass-or-protective-coverings
https://basc.pnnl.gov/resource-guides/window-attachments-solar-control-and-energy-efficiency
https://basc.pnnl.gov/resource-guides/window-attachments-solar-control-and-energy-efficiency
https://basc.pnnl.gov/resource-guides/shading-and-solar-control-windows-and-skylights
https://basc.pnnl.gov/resource-guides/shading-and-solar-control-windows-and-skylights
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THANK YOU

CONNECT WITH US:

ssylvestre@mncee.org

sidney.hartz@pnnl.gov

Christian.Kaltreider@pnnl.gov
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